The study was aimed at comparing the estimation of the burden and trends (2012)(2013)(2014)(2015)(2016) of Human Immunodeficiency Virus (HIV) and Syphilis infections by the national Sentinel Survey vis-à-vis the use of population-based studies at a single urban site (Municipal Hospital) in Ho, the Volta Region of Ghana. Using blood donors as a proxy of the asymptomatic adult population, a retrospective analysis of secondary data on HIV and Syphilis testing was conducted using Ho Municipal Hospital's archives comprising 4,180 prospective blood donors. Published reports from the National Sentinel Survey for the Ho Sentinel Site comprising 2,452 pregnant women from 2012 to 2016 were used. The cumulative prevalence of HIV and Syphilis infections in the population-based survey was 4.78% and 2.58% while the epidemiology was estimated at 2.75% and 0.24% by the Sentinel Survey for the five-year under review. The new HIV and Syphilis infections were 3.78% and 2.46% in the population-based survey compared to 2.64% and 0.23% in the Sentinel Survey. Gender cumulative prevalence and the yearly trend was found to be higher in the general population compared to the pregnant women. The use of pregnant women to estimate the HIV and Syphilis epidemiology might not be representative of the general population.
Introduction
Human Immunodeficiency Virus (HIV) and Syphilis infections affect people disproportionately in many parts of the world [1, 2] . In the year 2016, an estimated 36.7 million people were living with HIV while the reported median prevalence of Syphilis was 1.11% worldwide [3, 4] . In Western and Central Africa, there were 6.1 million persons affected by HIV infection whereas an estimated prevalence of 3.04% Syphilis infection was reported in Africa, the highest by regional prevalence in 2016 [3, 4] . In Ghana, the national prevalence of HIV and Syphilis infections as determined by the 2016 HIV Sentinel Survey was estimated at 2.4% and 0.2%, respectively, with the Volta Region being one of the most HIV affected regions (2.7%) [5] . The clinical conditions associated with prolonged and untreated HIV and Syphilis infections may include weight loss, persistent generalized lymphadenopathy, chronic cough, diarrhea, recurrent fevers, tuberculosis, and oropharyngeal candidiasis, as well as infertility and adverse pregnancy outcomes, such as stillbirth [6] . There is lack of consensus in the scientific world regarding the choice of appropriate sample population to monitor the epidemiological patterns of HIV and Syphilis infections in the general population. While some have favoured the use of Sentinel Surveys in which pregnant women are recruited as proxy population because of easy accessibility and the relatively low cost of data collection, others are of the view that a population-based study in household surveys may be more representative of the general population largely due to the inclusion of men and people who fall outside the reproductive age brackets (15-49 years) [7] [8] [9] [10] . In view of this, the UNAIDS/WHO Working Group on Global HIV/AIDS and STI Surveillance recommends that countries with generalized epidemic should conduct population-based studies periodically to validate the prevalence estimates of the annual HIV Sentinel Surveys [11] . Using blood donors as a proxy of the asymptomatic adult population, the current study aimed at comparing the estimation of the burden and trends (2012-2016) of HIV and Syphilis infections by the national Sentinel Survey vis-à-vis the use of population-based studies at a single urban site (Municipal Hospital) in Ho, the Volta Region. 
Methods

Study Design and Study
Results
During the five years under review, the cumulative prevalence of HIV among the 4,181 potential blood donors at the Ho Sentinel site was estimated at 4.78%. Within the same period, the cumulative prevalence of HIV by the Sentinel Survey was estimated at 2.45% ( < 0.0001). The estimated prevalence of HIV at each year of the review was found to be higher among the blood donor population than the estimated prevalence by the Sentinel Survey, though significant statistical difference was observed for only 2012 and 2013. While the infection rate stayed fairly stable, above 4.00% among the blood donor population ( for trends = 0.0848) with the exception of 2015, an undulating trend in prevalence was observed among the Sentinel population, peaking in 2014 (4.37%) and troughing in the previous year (0.60%) (See Table 1 ). The cumulative burden of Syphilis among the 4,181 potential blood donors at the Ho Sentinel site was estimated at 2.58%. The cumulative burden of Syphilis among pregnant women by the Sentinel Survey within the same period was found to be significantly lower (0.24%, < 0.0001). Except in 2014, the year-on-year infection rate was observed to be significantly higher among the blood donor population above 2% compared to the rate estimated among the Sentinel population (See Table 2 ). Using the rate of HIV infection among the age group of 15-24 years as a proxy of new infections, a total of 46 new infections representing 3.78% of the 1,218 blood donors within that age group were recorded within the five years under review. New infections in the Sentinel Survey for the five-year period stood at 23 out of 870 participants representing 2.64% new HIV infection rate. The last three years of the Sentinel Survey recorded a rise in new HIV infections, peaking in 2014 (5.45%), while the last two years of the donor screening review saw a fall in the rate of new HIV infections (See Table 3 ).
Using the donor screening records and the age group of 15-24 year as a proxy of new Syphilis infections, a total of 30 new infections, representing 2.46% of the 1,218 blood donors within that age group, were recorded within the five years under review. New infections in the Sentinel Survey for the five years period stood at 2 out of the 870 participants, representing 0.23% new Syphilis infection rate. A steady trend of new Syphilis infection over the period under review was observed among donors, at above 2% except in 2014 (See Table 4 ).
The cumulative five-year burden of HIV infection among the female donor population was 6.40% and 4.60% among the male donor population. In comparison with the cumulative rate of HIV infection among the Sentinel population, the cumulative rate of infection among both female and male was found to be significantly higher ( < 0.0001). Though not statistically significant for the last three years of the review period, both the female and the male donor population presented a higher HIV infection rate compared to the estimates from the Sentinel Survey. However, 2014 backed this trend, where the Sentinel estimate (4.40%) was slightly above the female donor screening estimate (4.10%). The year 2015, marking the trough of the year-on-year HIV infection for both the female (2.90%) and the male (3.00%) donor populations, was also observed as the year with the closest rate of HIV infection to the Sentinel Survey estimate (2.80%) (See Figure 1) .
The cumulative five-year burden of Syphilis infection among the female donor population was 2.10% and 2.70% among the male donor population. In comparison with the cumulative rate of Syphilis among the Sentinel population (0.20%), the cumulative rate of infection among both female and male was found to be significantly higher ( < 0.0001). In general, the male donor population significantly presented with a higher year-on-year Syphilis infection rate compared to the Sentinel population, for the period under review. The female donor population recorded significantly higher Syphilis infection rate compared to Sentinel estimates in the first three years of the review period. However, no Syphilis infection was recorded among the female donor in the last two years of the review (See Figure 2) .
Among the Sentinel population, the five-year burden of HIV infection crosses the 3% rate only among the 20- (3.25%) and the 40-44 year (3.90%) groups. Except in the lower age category (15-19 year), the epidemiology density of HIV was found to be over and above 3% rate irrespective of age and gender in the blood donor population. The fiveyear burden of HIV infection peaked among the 35-39 year group for both the total donor population and the male donor subgroup and peaked among the 40-44 year group for the female donor subpopulation (See Table 5 ).
Among the Sentinel population, the five-year burden of Syphilis infection was highest among the 35-39 year group. The epidemiology density for Syphilis infection in the five years under review was found to cluster at the higher (45-49 years) and lower (15-19 years) extreme of the age categorization both the total donor population and the male donor subgroup and only in the higher extreme age group (45-49 year) among the female donor subpopulation (See Table 6 ).
Discussion
In the current study, we sought to compare the burden and five-year (2012-2016) trend of HIV and Syphilis infections using blood donors as a proxy for an adult asymptomatic population-based surveillance and pregnant women in the Sentinel Survey among Ghanaians at a single urban site (Municipal Hospital) in the Volta Region of Ghana. The cumulative prevalence of HIV and Syphilis infections among the 4,181 blood donors during the five-year period was estimated at 4.78% and 2.58%, respectively, while in the Sentinel Survey, the prevalence was 2.75% and 0.24%, respectively, for HIV and Syphilis infections among the 2,452 recruited pregnant women who formed part of the national survey for this Sentinel site. In general, the estimated yearly prevalence of HIV and Syphilis infections was found to be significantly higher in the population-based study compared to that recorded in the Sentinel Survey, except in the years 2014, 2015, and 2016 where the HIV burden between the two surveys was statistically comparable (Tables 1 and 2 ). Our results suggest that asymptomatic adult participants in the general population are more likely to be infected with bloodborne pathogens in comparison with women in the Sentinel Survey in the study catchment area. The relatively low rate of infectious burden observed in the Antenatal Clinic (ANC) attendees in the Sentinel Survey could indicate that the use of this targeted population (pregnant women) as a proxy for the general population in the study area (Ho municipality) could underestimate the infectious burden. Earlier studies conducted in other African jurisdictions have reported findings consistent with the current results. Fylkesnes et al. [14] in Zambia, Glynn et al. [15] in Cameroon, Changalucha et al. [16] in Tanzania, and Gonese et al. [7] in Zimbabwe have all reported a lower blood-borne infection rate among ANC attendees compared to individuals sampled from the general population. Although the information in the current work is limited in precisely explaining the discordance in the prevalence rates between the two populations, various postulations have been suggested by some authors to account for this phenomenon. According to Gonese et al. [7] , ANC surveillance data exclude men and nonpregnant women in the general population who may have the infections thus rendering ANC data imprecise representatives of the general population. In their work in Tanzania, Changalucha et al. [16] posited that pregnant women attending ANC services would have a different socioeconomic background and they may be more cautious with their health issues compared to their peers in the general population. In the opinion of Fylkesnes et al. [14] , pregnant women who seek ANC services elsewhere, for example, traditional healers or private clinics rather than ANC Sentinel sites, would not be factored into computing for the overall infectious burden in the entire population.
In contrast, some studies have reported a close agreement in the estimated prevalence of blood-borne infections between population-based studies and ANC surveillance systems while others observed a lower prevalence of the infections within the general population compared to pregnant women in the Sentinel Survey [7] [8] [9] 17] . The reasons adduced to explain the comparable results of prevalence estimates between population-based surveys and Sentinel Surveys include the restriction of comparison to individuals living within 15 km radius of ANC surveillance sites, simultaneous standardization of sociodemographic distribution between the two surveys, and adjusting for parity using correction factors [7, 8] .
The estimation of HIV and Syphilis new infections in a defined population is an essential component of populationbased studies and ANC surveillance systems. Individuals in the age group 15-24 years are considered a proxy measure for new infections (incidence), owing to their early sexual debut and to the fact that infections in this age category are assumed to be recently acquired [18] . In the present study, the incidence of HIV and Syphilis was estimated at 3.78% and 2.46%, respectively, in the population-based study whereas in the Sentinel Survey, incidence of 2.64% and 0.23%, respectively, for HIV and Syphilis was reported within the five-year review period. Also, the estimated yearly burden of HIV and Syphilis new infections was in general found to be significantly higher in the population-based study when compared to the Sentinel Survey during the period under review (Tables 3 and 4 ). The current result highlights the high rate of sexually transmitted pathogens among the relatively young Ghanaian population in the study area.
Factors proposed for young adults vulnerability to acquiring sexually transmitted infections include early sexual debut, education level attainment, multiple sexual partners, poor relationship with parent, having unprotected sex, and low economic status [19, 20] .
In the present study, when participants in the populationbased study were stratified according to gender, the cumulative HIV and Syphilis infection rates, as well as the year-onyear trend analysis among both female and male subpopulations, were generally found to be significantly higher than those observed in the Sentinel Survey (Figures 1 and 2) . The results compare favourably with those reported previously, where surveillance data of ANC tended to underestimate the epidemiology in women and the overall infectious burden (men and women) in the general population [7, [14] [15] [16] . According to Montana et al. [8] , women with HIV infection may be physiologically less likely to become pregnant and therefore access ANC services; hence the use of ANC data could lead to underrepresentation of nonpregnant women of the same age in the general population.
One of the significant concerns about the representativeness of ANC surveillance data in prevalence estimates is that ANC data tends to overestimate the infectious burden among the young people and underestimate among the older generation compared to women of the same age in the general population, a phenomenon which is often attributed to selection bias [7, 8] . Contrary to this view, our study showed that there was a general underestimation of HIV and Syphilis infection rate among the various age groups in the Sentinel Survey in comparison to participants in the population-based study (Tables 5 and 6 ). The difference in our results from those reported previously by Montana, et al. [8] and Changalucha et al. [16] where the prevalence estimates of HIV were higher in the youngest age group (15-19 years) among ANC attendees than in women from the general population could be due to the difference in sample population. The two previous studies recruited community members and participants in a Demographic and Health Survey respectively compared to blood donors in the current study. However, the drawback of using household surveys to estimate the infection rates which includes bias due to nonresponse and exclusion of nonhousehold-based populations, as well as the high cost in conducting such surveys annually, have been well documented [7] . Blood donors, on the other hand, could be more representative (includes men and women) than using only pregnant women and cheaper to recruit (compared to household surveys) and the issue of nonresponse could be nonexistent since blood donors are already volunteers to testing. The appropriateness of the use of blood donors as representative Sentinel group has also been corroborated by Borgdorff et al. [21] , but they suggested that, in such surveys, data such as age, sex, and location should be standardized. However, the limitation in the use of blood donors as a proxy of the population is the suggestion that blood donors may exhibit a healthier lifestyle compared to the general population and this may lead to a lower rate of infections in such groups than would be in the general population [22] .
Conclusion
Our study has demonstrated that the Sentinel Survey underestimated HIV and Syphilis prevalence rates compared to a population-based study population. This suggests that using pregnant women to estimate the HIV and Syphilis epidemiology might not be representative of the general population.
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